LASER PO NT ER BASED | NTERACTI VE DI SPLAY SYSTEM AND METHOD THERECOF Fi el d of
the I nvention [0001] The present invention relates to a user interactive
conputer controlled display system Mre particularly, it relates to a
systemthat enploys a | aser pointer based interface to control the display
of conputer- generated i mages. Background of the Invention [0002]Large

di spl ays are increasingly popular for everyday use, at work or at hone.
Conput er generated i nages are comonly prlesented to a | arge audi ence by
optically proj | i es_ onto a projection screen. Interacting
with these di s§3§§§%¢§§MA%MWMC $PIcAW SYSITEVhANDIMETHOD assi cal
desktop conputer. Avail abl e means i nclpuggmicguch sensitive panel,

| i ght kl ectronic pens, |aser pointers or other wrel ess handhel d i nput
devices, as well as advanced speech and gesture recognition systens. Gven
the lowreliability of gesture and'ig¥obts Ipeatiopi ti on system and t he
relatively high price of large touch displays, a |lot of research is
currently fodbeiing on I1asgresenifidatioD 884 oW B5cR Glik:Ak:BYR0: 0 LARGAL N
respect of a t a|cal I er-%@%gabased interactive display system a

| aser poi nt er™ P& jLEHgorg e » & TPlgisiio asgreem gt emplies slpssi peitiedbaserge

di spl ayed on inﬂaﬂ‘a@n@&(m&blim@digﬂ@eﬂ@om&h&,%@g@{wmgsni s detected by a video
canera; and the acquired information including the coordi nate of the | aser
spot, is transmtted to the conputer, thereby controlling the display of
the conputed generated images. [O@dkekbmdrihOmvBRRE Of the |aser-pointer
based interactive display system depends on reliability of |aser spot
detection. A reliable | aser spot detection nethod/system should be able to

identify thel%088er spdiargendigplaysend ddrebsimdie popifar bl ERERIBY uSOlaP Wolk BNG
| aser spot fromthe |aser spot

shades, and [ t t.he instructin

f1ying over ?‘ﬁ%’g r&{))rjﬁég%}ege%% l%nt%e&e"%ﬁesaﬁr& GeonlyThreseRsd t ot deren aydiense by

det ecti on neohindlly profeatimpcthese itnhges bnioghirsiesin Qérednl Btdrastiff with Uhese YRy saNY

i mage el enen ' Ness ceeding a predeterm ned threshold,” it wll
be identifi ehqug&a(ﬁff%é{é?g%np ‘fonﬁélv@@etlrof gﬁ’f"ﬁﬁ@‘ ‘%‘l%t?i’ crmer. Avpdable mgpisness of

the |aser spowhug |tbuctiesensitiae pariel SHglivelgronit Heds }éﬁérijﬁéi}lt&@ ‘%rnoﬂl%}gw?a@{sﬁr mance
oes not satisfy the

2 of the whole i tive display system And it S é
required rel Ihéﬁh{i{i ?‘K ﬁ g]‘i -E’Y“éeg’ef’s g"ﬁ@tas Yaueed W?Ci[%’é@%@é?mtmr%ﬁp@s-a cl ear
need for an Given thedow pelinbititysdfspestinennt SfechEileQphiiBA system and the relatively high

price of large touch displays, a lot of research is currenily focusing on laser pointer based

interaction system.

[6o03] In respect of a typical laser-pointer based interactive display system, a laser
pointer is used to generate a laser spot onto the projected image displayed on the projection
screen. The laser spot is detected by a video camera; and the acquired information
including the coordinate of the laser spoi, is transmitted to the computer, thereby
controlling the display of the computed generated images.

[0004) The performance of the léser»pointcr based interactive display system
depends on reliability of laser spot detection. A reliable laser spot detection method/system
should be able to identify the laser spot on projected images of different colours and
shades, and to differentiate the instructing laser spot from the laser spot flying over the
projected image by accident. The most commonly used detection method is based on the
brightness of the laser spot. When any image element has a brightness exceeding a
predetermined threshold, it will be identified as a laser spot. However, along with usage,

the brightness of the laser spot will decrease, resulting in the variation in the performance



’ nd interactively controlling the display of conputer-generated
:ﬁzgtras.spghn’?m?y of the Inve%ti on [0006] The present invention provides a
| aser - pointer based interactive display systemand a process executabl e by
the systemfor reliable detection of |aser spot on the display surface so
as to performeffective interactive control. [0007] According to one aspect
of the present invention, there is provided a process for detecting a
| aser spot superinposed on a display surflace, the process conprises the
steps of acquifin rreference i mage by an inmage sensing Q¢V|c¢,.where|n
the refer enceo’iI %g&aeémﬁrﬁcqvﬁ idisplay sEeguiAnddt dovages satisfyt the rajusel mialility bace
wi t hout the | msespospatciissiper i mposed thereon; acquiring a target inage by
t he i mage sensj devige, wherein the target inmage is a succe55|ye°ach|red
i mge of the @#"%& ay s&?‘fcﬁct@?"eﬁ%? clown e f@@ﬂtlmrw%mwtemdwﬁm ed
thereon; recelas not ifidnicaBgRlyt3heolblg hdSisfisf ' g&eréggga&g{ igﬁ%es] mage by a
processor fromthe inmage sensing device; identifying a region of change in
the target image with respect to the reference isme; if the region of
change is identified, identifyingugmakPofibOlAPadidh t he region of change,
where the dom nant color is the color of the laser spot; calculating an
aspect ratio of the sub region; and if the calcul ated aspect ratio fal IZ
within a pre-IMS6Er m nerher Ao@A bl jilid Nl 5l Yk SHBkch ASHGCL 0 On
the display surface in a region corresponding to the sub region i he
target imge. Vi'OBAY] f Rrogsss eg‘f?B@B]Fr?ﬁ rike gystemifer plighiedetectiohef lstcegoobn the
| dentifying alispgeiacobo HAAPGormielediIE ikM@G cdnffBe further conprises the
sub steps of dividing the reference imaigqe Into a plural ity gf regi ons
~accordi ng to[guoﬁr e- det ede pag aseschof Rrgsantigventien, thewe gegirovideigepracadso g
plurality of facudeeﬁxﬁgoﬂ%s&%pbﬁﬁitp@ﬁ_ Rpd&t B8 Q!d'iggmg%ﬁ}f&@, &,@ﬁﬁmg’s@ %Bngrf;'esr E{}Sne
attern; calculatjng g correlation score in“each region accor a
Ehange det ectsfe%°tj£°ggflf‘$ Aserange impee by aw ithage | sensing dewice, evheteinthe sefatscel S
bel ow a pre- Sigel far @5 halil, BB A bAYe RishBd! Q@' WSRANYR, 5l G0t 11 d
in the correspondi ng.region. [0009?%n one enbodient of Tﬂg StEp Pt
i dentifying é‘PHeE@P‘Efﬁd dreiconaagiringa taget ireagg by thenimges Sehh@Da ddvize, \%heeeb;ﬁ laglet: gna
Fegion it he s et oo Aecanet gyl i bO By i TrBIFBHA HE 1S ¢ ar get
i rrgge 2i i i SPof tHEeHTHeRsEd hereen; rcntvingdhe ipagexdatreotitley refeomert dnd marget imagb by abi | S
the inmage pi y@beston RS itfeYimy Qﬁlsfngrdellﬁ&amén%?)ﬁb hr}gégﬂ of 6 DAl s %E%%q%ver age
image intensity value for I, and b bar 1s & av age IW_GI_ ty
s it reest foche isAoues renee: ibthe tégionsifepangg isi idmtiﬁ@éit jdemifyiag r egi on
[ j [ IS detect | regio
W th respect  to soneenFBEor DRER, SULENE Rl bH0hP RGe Dt
nei ghbor rulgjoi@‘%ﬁlﬂﬁmge@éaﬁl@?@tw@@ﬁ@w Sublfwimesmbifﬁha@g@hmdmmor ﬁkiefsfltsga][?g';n
[ ' t e\ ' t rrela n sc
ho r egi ons. ment ac e aeiuaafts DishAe b H1E KEEY Bl 2 R R R i it e
r egi ons. surface in a region corresponding to the sub region in the target image,

[ooos] In one embodiment of the process, the step of identifying a region of change

in the target image further comprises the sub steps of dividing the reference image into a

val ue for 12

plurality of regions according to a pre-determined pattern; dividing the target image into a
plurality of corresponding regions according to the same pre-determined pattern;
caleulating a correlation score in each region according to a change detection algorithm;
and if any calculated correlation score is below a pre-set threshold, signaling that a region
of change is identified in the corresponding region.

foo0s} In one embodiment of the step of identifying a region of change in the
target image, the change detection algorithm is performed according to the formula:



pH 1] M anot her enbodi nent of the process, the step of identifying the sub
regi on where the domnant color is the color of the |aser spot, conprises
the sub steps of calculating a dom nant color ratio for each location in
the region of change with respect to the color of the |aser spot; selecting
the location the cal cul ated dom nant color ratio of which exceeds a
pre-determ ned threshold; and form ng the sub regi on defined by the

sel ected | ocation. 1001211 n one enbodi nend, when the inmage acquired by the
i mge sensing device is in RG format and the color of the |aser spot is

selected fromthe group of red, green an%(n ue; l,ttl om nant color ratio is
cal cul at ed accordingtothe (}?ﬂu D col or atio----Li/(Rl-l-C;E+B)
‘68’ c

wherein R is the value for't nent hre—gol or i mage pixel in
| ocation 1, G is the value for the gr‘gﬁ"c‘oﬁﬂw’vt“@ t he col or i mage
pixel in location i, Bi is the value fof the bl le conponent of the col or

i mge pi xel d I s.the valye for the col or conponent
constituting '?% X%Ciaﬁg Qreg%on “ﬁghﬁ %&é@% ot kg 1§ g’@&?ﬁ“"%ﬁﬁm‘d”}go"@ﬁ“n 3 theHesgetor nul a
| n anot her entioaienranis the Mgdqmwhaﬂénsﬁy) |v§me ﬁﬁrtlb@mbﬁ 1‘3@'11@%1 af @19 1@&55@%1%1”9 to
Dom nant col ok tﬁ@ﬂ#g “e%‘“ﬁg’%@ E G wherein It; is
the value for t 4 1) “6]‘2’? @”lﬁﬁﬁegwer?gmglgg%m‘;@gqny,valup@Q,rgl,,agqi,b, G
is the val ue f)@nsﬂwbevayamaﬁagedﬁfaﬂnﬁmumrhhe col or inmage pixel in location
i, Bl is the e for bl u nt of the color image pixel in

| ocation i, a “3]"’!1 s thh%n @W g‘?"g"f’r}{%l‘?gg’éﬁ‘%f’ Wewifvine A regionraitchange imtget he
col or of the lagstimapovhenrs lhsc giol @ndetectel 04 Alda GAMNeGBciS 2 3RL Mkgeampect of
the inventi Onregfonqg ?ecbr%ecp A %Vzll ggagesg neighbor rule is applied to the step with respect to the

subsequent target image, according to which calculation of the correlation score starts from
the regions nearest to the recorded region and then towards the further regions.

[0011] In another embodiment of the process, the step of identifying the sub region
where the dominant color is the color of the laser spot, comprises the sub steps of
calculating a dominant color ratio for each location in the region of change with respect to
the color of the laser spot; selecting the location the calculated dominant color ratio of
which exceeds a pre-determined threshold; and forming the sub region defined by the
selected location.

[0012) In one embodiment, when the image acquired by the image sensing device
is in RGB format and the color of the laser spot is selected from the group of red, green
and blue, the dominant color ratio is calculated according to the formula

Dowminant color ratio =L, /(Ry+Gy+By)

wherein R; is the value for the red component of the color image pixel in location i, G; is
the value for the green component of the color image pixel in location i, B; is the value for
the blue component of the color image pixel in location i, and L; is the value for the color
component constituting the color of the laser spot in location .

[0013] In another embodiment, the dominant color ratio is calculated according to
the formula

Dominant color ratio =L;/ SORT (R; * R, + B; * B; + G; *G)

wherein R; is the value for the red component of the color image pixel in location i, G; is

the value for the green component of the color image pixel in location i, B; is the value for



interactive display systemtogether with a process executable by the system
for controlling inage display. The system conprises a processor for
generating an image and controlling the display thereof pursuant to an
interactive signal; a display surface; a projector for projecting the
processor-generated i mage onto the display steam a |aser pointer for
generating the interactive signal by superinposing a | aser spot on the

di splay surface that has the projected inage displayed thereon; and an

i mge sensing device for continuously acquiring i mges of the dlsplay

surface so as m@lwwnehhﬁ’ thmd:(ﬂdiramhge\/;ﬁxtﬁ igldediion Thkd DIiOME SRlus VT &2 t he
steps of detegti e super i, osed, n the di splay surface with
respect to a projec 8%Pr bSpPH@ 8% on of the detected

| aser spot; i fo0tdie cal éudmdlegi tdummtheﬂmswéﬁ%dﬁe anf&lﬁ"ons%eré h esbalidh an
osition of the

| ocating the ct e | aser

det ect ed Iasefgg%éé:{ubél)@s\?\%ytﬁﬁggmg %PWFW%}P W}%Wd ?@V efor gopisling ng a
cor r espondi ngireagatisplay. die sptem [:@ﬂﬂrﬁ]zé mpmmScﬁmtgéixamﬂﬂgantﬂi@e&h@wnﬁbﬁxﬁ of the
acqui red i Magg,. skl .devi ce I.s er t n t hat of the

nSi,n
correspondi ng pro eg 5g%?f‘)age Gro¢ e‘mﬁfagtb‘feaﬁ’g“gt éceeam%mr@gu on
can be pre- depiisding théiprockdser-gEmeiard timggd mgah@msplﬁy auﬁesarhdmﬁ& poRféof, of the

projected inm oL, her. . enbodi ne virtual button is created
by the procesSor ﬁ’%q?'%&w cgg P *@”W&BE‘WW%@@@F@H“‘&@H%@M% fhet t he
pL e- delt erm Pehﬁsélmvmn@eémgg@dmpﬁm thiérédnl ald Mwﬁwmn%g %bvﬁe@&'&mxﬁ@ﬂélf F‘Ct to
the color o et anot her enbodi nent en a | aser
_spot is ini tl%ﬁﬁ;ﬁ%ﬁ%@a&ﬁ.ﬁ? ﬁ'sﬁ ﬂ%‘%’“%{ @ dptept ﬂ%?ri‘ﬁte@ﬁfﬁ’&s%nﬂ%/l)"ﬂ%ﬁ@%ct ed
in thle s:Jbs e qeeptises dnegeiepsi of algtecting & Meﬁiipbﬁﬁdp@:ﬁmﬁtfsed &eﬂféeﬁ%&g%ﬁg&&%ﬁh spot
the time whorrePer abh MHlel@ roiag”Loblitine A Gurvioi' gy Biecedloit SR e and
fT 1h i's n{) hecatcillpted diretiont excepes alpﬁlﬁg@ﬁﬂﬂdsholtl sno?aﬁﬁgmkqadsmdnwamdd&eclaedqgge,l |
urther e qu;Ee on contrql. action is to display a

previ ous/ next pfgf:ﬂes&’“mbg {392@8‘3"4 ﬁ%ﬁ@‘”‘él’”@@ Bohpfe-determiged capanhregiont he
processor-gemecmhmhaomgmndlﬁgle&nmsacdbﬁw ng a line. 5 [0021] The objectives

and advant agesy af the resent i.nvention wl |l becone
1 on¢ embodiment, the view size of the acquired image by the image

sensing device is larger than that of the corresponding projected image on the display
surface. The command region can be pre-defined within the projected image or in a
boundary region of the projected image.

[0016] In another embodiment, a virtual bution is created by the processor in the
electronic image in a region comresponding fo the pre-determined command region. The
virtual buiton is in a color contract to the eolor of the laser spot.

[0017) In yet another embodiment, when a laser spot is initially detected in target
image n, and consistently detected in the subsequent target image nH (i=1,2,...), the
duration of the detected laser spot is caleulated according 1o

[o018} Duration ()=Tps—T,;

[0018) wherein T, is the time when target image n is acquired by the image sensing
device, and Ty.iis the time when target image n- is acquired.

[0020] In a still further embodiment, the corresponding control action is to display
a previous/next processor-generated image, or to enter information to the Processor-
generated image, such as drawing a line.



apparent fromthe follow ng detail ed description of enbodi nents thereof in
connection with the acconpanying draw ngs. Brief Description of the

Drawi ngs [ 0022] Preferred enbodi nents according to the present invention

wi |l now be described with reference to the Figures acconpani ed herein, in
which i ke reference nunerals denote |ike elements. [0023]FIG 1
Illustrates a schematic diagramof an interactive display systemin
accordance with one enbodi nent of the présent invention. [0024]FIG 2
illustrates a flow chart of a process executable by a conputer for

real -time di sP9&Y cont ride, objestives coxl dedverisages tdf e epresehodivemion will bévempr esent
i nvention. 10QgRth | : rt .of. the steps for detecting
| aser spot in accoir dﬁg%lg{gé \l)fél!td’?l&i{ ne gﬁ(ﬁg%%:%ﬁﬁ nge Hfbﬁéémlﬁrrnéstieﬁet‘)?i”h\‘?‘g’ﬂ?"l%%.
[0026] FI G 4 PMithihsieewpmpgntireedrauibest ep of verifying the exi stence of the

| aser spot by aspect ratio calculation. [0027]FIG 5 illustrates the

near est nei ghbor rule applicable to the change detection sub step in
accordance with one enbodi nent Botf Reéseriggiva9é tite Duawdngsi on. [ 0028]FIG 6

il lustrates an exanple of applying the interactive display system and
process to page up or down during an electronic slide show [0029]FIG 7

i | lustrates al¥%kanpl ePsfereeg pimbiogigeitn tacroading e tiei piebeay isystioa nvidingbw be

described with reference to the Figures accompanied herein, in which like reference

numerals denote like elements.

[0023] FIG. 1 illustrates a schematic diagram of an interactive display system in
accordance with one embodiment of the present invention.
[o024] FIG. 2 illustrates a flow chart of a process executable by a computer for
real-time display control, in accordance with one embodiment of the present invention.
[0025) FIG. 3 illustrates a flow chart of the steps for detecting laser spot in
accordance with one embodiment of the present invention.
[0026] FIG. 4 illustrates the sub step of verifying the existence of the laser spot by
aspect ratio calculation.
[0027] FIG. 5 illustrates the nearest meighbor tule applicable to the change
detection sub step in accordance with one embodiment of the present invention,
[0028] FIG. 6 illustrates an example of applying the inieractive display system and
process to page up or down during an electronic slide show.
[0025] FIG. 7 illustrates an example of applying interactive display system and
process to enter the draw mode in order to highlight the information on an elecironic slide
show.,

Detailed Description of the Invention
[0030] The present invention may be understood more readily by reference to the

following detailed description of certain embodiments of the invention.

[0034] Now referring to FIG. 1, there is provided a schematic diagram of an
interactive display system in accordance with one embodiment of the present invention.
The system 1 comprises a computer 2 for generating images and controlling image display

pursuant to an interactive signal, a projection screen 3, a projector 4 for projecting the



process to enter the draw node in order to highlight the information on an
el ectronic slide show Detailed Description of the Invention [0030] The
present invention nmay be understood nore readily by reference to the
follow ng detail ed description of certain enbodi nents of the invention.
[0031] Now referring to FIG 1, there is provided a schematic diagram of an
interactive display systemin accordance with one enbodi nent of the present
invention. The system 1 conprises a corrpuﬁer 2 for generating inmages and
controlling image display pursuant to an interactive signal, a projection
screen 3, a prYfRt§openerdes inpash cero ﬁbetmectﬁncwmmtibragmer;aﬁmd Bmages
onto the proj HRPosHH! £ 0Si.n alaser
spot 52 on thgﬁIe o?es?%;dgféﬁ%oégz bﬁﬁﬁgva?%kemﬁege E)reoy%licé#x@\}gerg Yhaptal. g o
canera 6 for &o cﬁlsfPry caéfémpvﬁbhgmqumsmmstdnetm QrBEtivD scsen @rana and

comuni cat i NgcdiBuA&EHE §1R0ad TRYUC; [els S0 ct t he
interactive [.0032] Ing operdgtl onﬁglgiga%gonph%ter giegenertgtdgg i‘h%l ?rf’) BE a
series of el et&¥nic i mges 22 (not shown in FIG 1) for display, each of

which is tranppizited t @ Lh&aly; mok‘%g‘%"gfg“éf gg% %5@ giﬁyp%gl?e%h I%yc?ijpectl on

screen 3 as a, correspondlng proje The
computer 2 colfaeen 2 (ofshewmisd I EﬁP@}SDbﬁecmdmfeMadﬂs tearminitigd topdie projeotor 4 0 t he

interactive sargr;abje@écpgmg% P%Je@tm??’ﬁe%msoz%o% @%%s%o%gi%grobm ger at og% %Fg uses

the | aser pointer .5 to enerate a | aser s
wherein the i FPRRdRKEIG bl%@lﬁl&“@rﬁ)mﬁelﬂ the imége <psp®tyemq&ncd ah tiindi, and

d t f ot A | toth
oropected | E?“ﬁ‘%&@?%%%%‘}a%‘ﬁ% ol IR SEH B, BEREETY. Ty Bpesindld B scr con

3 for contin P%etanﬁrmn@enm@ ¢rl®gesmhé2mmnﬂmtpr@eqmdeﬂjmgé Wmmhlmg rate.
Each acqui r ednlehBoiRSighdl it émﬁd&fb?ﬁﬂ Hﬁ%}%syncw {;%]:Endg}lrgil i CO ut 2 and

anal yzed foréfleal -time display cont %% emai ns
t he same, IPIRELB SPrae ma’@'q‘immechelplmgmliﬁ&eame essentl aI ly identical to

acau re | s f”“*e“@““wf‘?%e‘*cﬁw%{eg?@ L e

acquired inmages, 62. Once a laser spot

interactive SFiEng thy Wée plesepnaati mert»wbsamﬂqng»rrdnenaaahmqmﬁ:ld BREsO6 Isz
execut ed by tsﬁlﬁ"s [tQQﬁ?A']:&ﬁbu?&eZ S{H) alyzec{'}ok reapgme dlsplsstcorsn?qpl I ng

rate of the carrera
When the pmJecte 1mage 42 remains the same, the corresponding acquired i images 62 are

essentially identical to one another except for the presence of the laser spot 52 between
successive acquired images 62. Once a laser spot 52 is detected and verified as an

interactive signal, a pre-programmed coiresponding conirol action is executed by the
computer 2,

'C

[0034] In one embodiment, the pre-set sampling rate of the camera 6 is preferably
twenty five frames per second.

[0035] In one embodiment, the view size of the acquired image 62 is the same as
that of the projected image 42. In another embodiment as shown in FIG. 6, the view size of
the acquired image 62 is larger than that of the projected image 42, wherein boundary
regions of the projected image 42 on the projection screen 3, such as 62a and 62b, are
included.

[0036]) In one embodiment, the corresponding control action is page up/down. In

another embodiment, the corresponding control action is mode change, for example, the
change to draw mode.



twenty five franes per second. 100351l n one enbodi nent, the view size of
the acquired inage 62 is the sane as that of the projected image 42. In
anot her enbodi nent as shown in FIG 6, the view size of the acquired imge
62 is larger than that of the projected i mage 42, wherein boundary regions
of the projected image 42 on the projection screen 3, such as 62a and 62b,
are included, [0036]In one enbodi nent, the corresponding control action is
page up/down. In another enbodi nent, the Tcorresponding control action is
node change, for_exanpl e, the_chan%e to draw node. 7 [0037] Now referring
to HG 2, thef®s proNoyetpiarisg dnithat tthet ia peoddss fleweduatt aifl 2 plogess he

conmput er 2 f okxde@@ble bl MR BiSREAY £ it he.acquired inmages
recei ved fromthe cgn%r a G@i n ac%g%g%%ggaﬁg%ogtﬁ)&bﬁ%} % eoaﬁﬁ’lﬂrg%t‘m %t he
present i nvenf§ceied fRE e gemes 600 scondmis egtht hwilst epb@RBemfof abd picsinng

i mage data framddds. CRIBlA ectd ng J.aser .spot therein, step
400 of deteimning the dl?l’ aS§ ?gﬁe%lgﬁgﬁsgihle}gégr ngdpg Olg%lf“é'%t"g e %a%aeﬁmg ¢ of

| ocating the t@Es ey 390 detedisgiaserand tisran s6POI06 bf dmolntgnig: dubsion of the

cor r espondi NQia&H i AkieEd | o0l ' f ch step w |l be di scussed
hereinafter. * [0038] I% r égﬁgg?s_@ogﬁﬁkéﬁ&%‘?%ﬁéé %’oﬁ‘fl%ﬁé"ﬁg?‘ﬁﬁ?fm%hom
in FIG 2 but ™ gormsspyndigg conttebaqiipn Jbe detdiBO stchrstep will bditchdedlictdinadf) Of

obt ai ni ng t hepbdgpge daj ' ot sho [ | 2) and
a target imag[ 36§§6;1 (not Igrﬁ%fev\ﬁ%lf%e‘}:fé&?& %He%‘%reg‘# é’&og%f’:oé’mi“f‘rggqé 22’Efinglﬁefi ned
as the first Qecl§inedss HWlgiars widh the, siep 2P of obiiniripethe image ibtauf @) et | nage
42, which is apdéd 6d , . e t.arget .l 66,1 s defined
as any one of, tﬁée sﬁlctcégbs“gllt‘ i\}gz‘lgb ul ‘?ae%r%%%%n}gg 6%_@1 o4 htoﬁ'g P‘e%"%ﬁg@? ﬁ?eore{ef?é‘c"s ane
proj ect ed i me§Reus4 iy drfingl asshe fiest eqquirerjimage B2 GvitlGresyiebte ehel curpiitgytojeel a f 1 ow
chart of the jghePsB Uil t | r t ool ccordapce with one

enbodi nent of t%é; p?gécgrﬁ éid?{;"]j\?/fgnu iqgeni.:aﬂ%ﬁae6 %p%%@ggggl%ﬁ o8 d\{%fpaés &%
steps, nanel yneREhg sucessiscacwired dmages 6bwith saspect Bl the samapiofecredimage a2 on 340
and aspect r gggagy cal L . 10 Th u t 320 is,to f ure the
change in thg taglj get iLwrr‘g%;& %oﬁlbég’ﬁg\/\%{limﬁp %Ivgeéﬁ?lgwcgﬂ/[ ?é%‘f)@tﬁ? S@EO{ he
reference i mi§Ectdig lgssowosinaensrdancerwith ond embbdinent dfhe gageid MdeonSTheatdp t he

56 ar ¢ i vi dag; St 9, 4o, L] Sheks B for dof o Bl G noq
gi rd pat t er n.calculation 340 and aspect ratio caleulation 360.
{0040) The sub step 320 is to feature the change in the target image 66 (not shown
in FIG. 3) with respect to the reference image 64 (not shown in FIG. 3). Prior to the
analysis, all the acquired images 62, including the reference image 64 and the target image

66 are divided into a plurality of regions according to a pre-determined gird pattern.

f0041) In one embodiment, each region is defined as an 8 by 8 pixel group.

[0042) A change detection algorithm is applied to determine the change in each
corresponding region between the reference 64 and target 66 image.

[0043] In one embodiment, the image change detection algorithm is a normalized
cross correlation algorithm, and is performed according the following formula (1)

[0044]

Z((”i «»?i')(b,. ”E))

NCC(1,,1, ) = —t

JZ((’I “f)zz(bt -5)2

i

foo4s5]
[0046] where I is a region in the reference image 64; 1, is the corresponding region

in the target image 66, a; is the image pixel intensity value for location i in Ij; b; is the



{0041] I n one enbodi nent, each legion is defined as an 8 by 8 pixel group.
(004) A change detection algorithmis applied to determ ne the change in
each correspondi ng regi on between the reference 64 and target 66 image.
[0043] I n one enbodi ment, the image change detection algorithmis a
normal i zed cross correlation algorithm and is perfoined according the
followng fomia (1) [0044] Egai - Obi -ED Ncc(lo, ) [0045] [0046]where It
is aregionin the reference inmage 64; 128is the corresponding region in
the target image 66, ai is the image pixel intensity value for |ocation
inl)1 is the UBagePiesd iiensisy vales Bnddcetjoniadn bea baris o catragenimagd intebdty \alubar i s

ntensi ty val yo o S Gl akR Epleinbbiy IR B OTC el aet Tar Ldent  fying
the change. W1t he cat drdiolldol G isopreNaClir ridemtifyinge dieothaigg:. Dighawiht he
et S Rl Sk e SRS IR L TR P e 01
wi Il skip thedeesadi withy @e epgion; rand He eurces 00 procedssiocthe lnext andsigy ageed to
e Do, | OBENES, kel Oy O b ot 0 Aol =
threshol d i s Brogesd o step 200 of the next cycle to analyze the next target image 66 with respect to the

same reference image 64.

foo48) In one embodiment, the pre-set threshold is 0.75.

{0049 In one embodiment, the entire image data of the acquired images 62 is used

for change detection 320, In another embodiment, for fast operation, at least one command

region is pre-determined in relation to the projected image 42, upon which the interaction

of the laser spot is programmed to initiate a corresponding control action. Hence, only the

image data corresponding to the pre-determined command region is extracted for change

detection.

[0050] In one embodiment, the pre-determined command region is Jocated within

the view of the projected imagc 42. In another embodiment, the pre-determined command

region is located in the boundary region of the projected image.

[0051] Still referring to FIG. 3, the step 340 is to identify the laser spot by

determining a dominant color ratio in the region where a change is detected in step 320.

For compuier display and image scanning, RGB color model are widely used, in which

three primary colors red (R), green (G) and blue (B) are combined in various ways o

reproduce a broad array of colors. A color image pixel for each location of the image is

represented as values for red, green, and blue. The dominant color ratio for each location in

the region of change is calculated with respect 1o the color of the laser spot. The locations

the calculated dominant color ratio of which exceeds a pre-set threshold, constitutes a sub

region where the dominant color is the color of the laser spot.

[6052] In other embodiment, the dominant color ratio is calculated according to

following formula (2):

[0053] Dominant color ratio =L;/(Ri+G+B)

[0054] wherein R; is the value for the red component of the color image pixel in

location i, G; is the value for the green component of the color image pixel in location i, B;



{0049] I n one enbodi ment, the entire inage data of the acquired imges 62 is
used for change detection 320. In another enbodi ment, for fast operation,
at | east one command region is pre-determned in relation to the projected
i mge 42, upon which the interaction of the |aser spot is prograned to
initiate a corresponding control action. Hence, only the inage data
corresponding to the pre-determ ned command region is extracted for change
detection. [0050]In one enbodi ment, the pte-determ ned conmand region is
| ocated within lﬁ}he view of the projected i mage 42. |n another enbodi nent,
the pre-det er A1 He 3% Mrdhtiblue gorappues of dheagoden 1npeet ixel o losdiionyi, anddiidnthef t he
proj ected i maggue fd? QRsLdonty éoknpﬁﬁécn?_@édsﬂtgﬁﬁgotgg +ror 3 m%ensép%lo B hibes 1. .
identify the | aser spot by determ ning a dom nant color fratic IR the regi on
where a chang@xwledﬁfg@b?‘@ésqrﬁp@tsgpﬁ113, . LikgwalsdoBput er di spl ay and i mage
scathi ng, RGBmefjor model nRleienhHEl dhrediffls ol Whi ch three primary colors
red (It), green SG) and bFue (B% are conbined in various ways to reproduce
a broad arrayl®¥6lcol or & angthep propodiment dophoe ccitite @aphiatias didomimft dwlve | mage
i S represent egyig : . bl.de. The dom nant color ratio
for each locati o?sc;é%mtdﬁgaécgédllﬁn ﬁeq@mngge%%ﬁg culated with respect to the
col or of the 8%&r spoloniigss dofor awiioorls/SORT Gal &ut & €8, d6ntGihnt col or ratio
of which exceggs;a pres st A regi.on where the
doni nant col ogﬁi % t,he,‘évglg%lfn l?)fgtﬁﬁgaﬂgéf%&%%gtcg&ﬁ%&%ﬂﬁe%ﬁ Pag R d iMent |
the domi nant {O6#1SR 1/ Gyds the vajuestar the leeeere epmpopen df the celor ifmagd pivel irglotasioniyBa ( 2)
[ 0053] Dom nanis thOAMfe leQhiiel-d 1 I rei: Lt .S val ue
for the red corrponentﬁﬁgﬂeﬁﬁ%é%oﬁp%?ﬁ?%g%%gl}ﬁéﬁ%é@%glalﬁ;%ﬁﬁ?’,mgi'?Sgg? he
val ue for thevajiederiheenlersampenentcopsiituting thsrcolonelybe Josex efot imdodatioit i on i, 13;
9 is the val ugedopr thethd piedceIRRASREsHSTa it H@s.col or image pixel in location
i, and 1,1 is the value for the color conponent constituting the color of
the |aser spdf080h | ocaltiitimportamoto engurapthas thentassn spbfecandweeffisiply Béntifisd i n
red, 14 equal &cdr@ind t otor=y - - 1] i . 6. 6611 n
anot her enbodi rr_eﬁi?é.t?c‘)j& nmor el@@i}?n&%ﬁ%@%{}%%%?%?%é g%lroﬁsﬁ‘g‘ﬁ ec‘%lq%er
projected image. To enhance detection sensitivity, in one embodiment, a virtual button

with contrast color to the laser beam is created by a computer executable program and
located on the pre-determined command region of the image. When tile laser beam is in
red, for example, the virtual button is pre-set in blue or green.

[6061] In another embodiment, the color with respect t0 which the dominani ratio
is calculated, is varied by the system operator 10 during the display. For example, when
the projected image is predominanily green, red laser beam is chosen for interactive
display control, and the caleulation of the dominant color ratio is with respect to the ved
color component. Likewise, when the projecied image is predominantly red, the green laser
beam is chosen, and the calculation of the dominant color ratio is changed so as to be with
respect to the green color component..

{0062} In yet another embodiment, the dominant color ratios with respect to two
distinct color components can be calculated simultaneously. For example, the laser pointer
S is configured to generate a red laser beam and a green laser beam in parallel. The
dominant color ratio for the red component is calculated in step 340, as well as the one for
the green component. The process proceeds to the step 360, as long as one of the

calculated ratios exceeds the pre-determined threshold.



ratio is calculated according to the follow ng equation (3): [0051] Dom nant
color ratio =LI/ SQRT (R, * R *131+ G *@0O [00581 wherein ft; is the val ue
for the red conmponent of the color image pixel in locationi, Gis the

val ue for the green conponent of the color image pixel in location i,13; is
the value for the blue conmponent of the color image pixel in location i,
and 1.4 is the value for the col or conponent constituting the color of the
| aser spot in location i. 10059] The pre-déterm ned threshold is 0. 85.
1006011t is inportant to ensure that the | aser spot can be efficiently
identified al8@&lding ﬁbﬂd@ﬁhﬁgﬂbFﬁbMoﬂwmab@mvﬂalmuﬂmﬁﬁﬁ&1mée@ﬁsdleﬁs of

the color sch . | e e, nce .detection sensitivity,
in one enbodi %ﬁ%@f%t@%ﬁge %EJS g %enoqﬁn lﬁseég?fg %%ﬁ@%}ﬂgg ﬁi%sﬁeﬁteraﬁ‘%gflﬁl beam
is created bysuh r@gwmidtmiﬁeém%m 4 bpumiyrmtmghb d'7de ddfimeld foneiichging the sub
pre-determ negd f r bea s in red,
for exanple, %835?@ '? uaée%%h%ééﬁﬁ ;r}‘é gf) Ofwhb&aﬁp@rsugfewﬂ ﬂscﬁ Al iy

anot her enbodihﬁé‘ﬂﬂth ditidedclyl e hmghhofrihs &emtdmgcmmgéﬁ Wikea thoaloniirid dspdct 0 i S
o ot o SNt S EN TLORFLBA AR o SRS Pl hon
chosen for i nibéhct i veImmmhﬁydlman;thmjarﬂwsaﬁﬂag‘éibemﬁﬁbsw ption of the dom nant
color ratio i i th reg@ect 1.9 the ﬁo onent, Li keV\ll“‘fq%,8 \gﬂeen t he
pr oj ect ed ing s pre ﬁ?ﬁéﬁﬁ?ij e the@rert page, 66 8die and

t he cal cul at i whseqdent ;imcmmmlawﬁh fﬁsﬂse@ftoﬁm ﬂatgel magbaﬂgedxcaﬁhngéddt&u&e th
respect tot 0 t anot odi nt t he
dom nant col t(}f& %ﬁl 0S WI r%%g@%q?& ? Sto‘?eéﬂhgwy’f“tlee nﬁ‘?ﬁn‘ﬁ "can be

cal cul ated smuﬂessail%ously For exanple, the laser poi nt er 5 is confl gur ed

to generate | ase am and a.o ar al
dom nant col ar EJgtl 0 f%Ier '([% AOYIdes @ sﬂ%@ﬁgﬁ{‘“ﬁ%“"gdﬁa&g‘} gy ‘?el‘ghg?rerﬂlesgb‘f as
wel | as the mwménmagwsgm@d mmrmoegixms R.'(ilafe,z,or DO)ERSePeQOF B Iarke itnage St ep

hreshol d. - 20 (0B PR Rebled il Fpide s ASotian dis wetimabbe b
i |1 ustrati on respect of peBhiflage Ghe:, ﬂmtchmgBﬁ&ectthwgoﬂﬁﬁﬂ il BehRrf6hed ibRgiBnOf t he
| aser spot b i e o.of the sub re n identified in
step 340. A %%Un ?‘hrﬂ' g’é’? ‘E?BP‘(‘-S‘?"‘; F{é }{feh“’n&z ok "é’é‘ﬁ%@’ Wem"s“ﬁb*“{"egl on
in the targetregiomge 66. The aspect ratio of the identified sub region is

cal cul ated a e w dth di v ded by. th ei.ght of the bounding rect angl e.
When the cal iﬂDFﬂt ed aspetef %Wg@ﬁX‘Fé? ﬁ:gawgst 19 svoid ypdesigable displayeconirpl 15 gna) s

that the | asetspapeto @&d&rﬁald&éﬁﬁﬁtﬁﬁigﬁﬂ@d&@wdﬁés@@po{199@%&2}&1% 8o frcabRdEN

the pre-set ran s fromO. 0651V\hen a |l aser spot 52 is det ect ed
inthe targ ofdip %ﬂg&gs g‘gmr@ﬁﬁi qgﬁgnme uration 1n order to actoate the control action. In

.respect of a projected image @2 the reference image 64 is acquired at Ty. The target image

66, is acquired at Ty, wherein a laser spot 52 is deiected in the region K for the first time in
respect of the reference image 64 according to the step 300. T, is stored as the reference
time for calculating the duration of the detected laser spot 52. The successive target images
66445 (i=1, 2, ...) are acquired ai T, respectively, wherein the laser spot 52 is consistently
detected. In respect of each successive target images 66,4, the correspondmg duration of
the laser spot 52 is calculated in step 400 according to the followmg formula (4):

[0068] Duration (i)=T,i -T,

foosgj A threshold is pre-set for the duration. Only if the calculated duration
exceeds the threshold, the process 100 proceeds to the step 500. Otherwiéc, the process 100
will skip the remaining steps in the current circle, and proceed to step 200 of the next circle

to analyze the next target image 66 with respect to the same reference image 64.



subsequent process circle with respect to the target inmge 6601, the change
detection step 320 will be perforned according to a nearest nei ghbor rule,
in order to accelerate the process 100. [0066]FIG 5 provides a sinplified
illustration of the nearest neighbor rule. The acquired image is divided
into 16 regions Ili (i=1,2,...16). In respect of the target inage 66,e a

| aser spot is detected in the region 7. According to the nearest nei ghbor
rule, in respect of target inmage 66.0, the change detection algorithmwl|I
be perforned in regions R3, Re, RE, Rl11l first, followed by R2, RA, R10, R12
and t hen progié&ii vel y In eneeutbedimsntithegic ale@rmihODGrE valefdekesiric Dgecaghi N t o

FIG 2, to avghd.undesil.able .di control i n response to agccident al
| aser pointi n@bﬂ? he de?{eﬂ?z éefm %21%}833/%0 © pigp %%qﬁit? §?§§1‘fn&wb‘%e fﬂ"ﬁ‘g Ofﬂhethe
sane i mage r e@itestedf bser ssppir enddetabrerin edathnr at i@ncdonligkd6f alyo paciettahiged he

control actio r e of .a pLoj ec i 2, die reference Sage 64
i s acquired a%bmléé&dfgég "?r“g‘?’eeft ki "é"egég‘?%gheagﬁ%%dgﬁeﬁp“r%% is \ppated ivithig 4 ager
spot 52 is depredtiedninel domanégigion, tKe E@aresidnading csiiiol dibRwilnbd RERRA T fp t he

reference i 64 according to the step 300. Te is stored as the reference
time for calculating the duration of the detected | aser spot 52. The

successi ve tai0opl i magEse ébyedesribad lasd pointer basdil s di§hyaystdit 1 and its
respectivel y,o\é/&%(rmeirn thg d as$r sea(%t 52 'l.%gconlsi st ent l% detected. In
respect of eadh "SuLRSLE) (W g bgaeditog &fiplay gle BEFERIE slcmiat i on
of the |aser gigothos2 Tweo eampkipiliesionnasdepriddheaticaiedi Ng to the fol | owi ng
Imtate (4): 6] Duration-T. [0069] A threshold |s pre-set for the
dur ati on. Onlré&gf t he %@&f‘gf@%%@}‘%{ﬁlgﬁoé}p@g’ggﬁq fyatem,aod wencess 108 ko
process 100 pregeceedsionn of e sidespieOftw 6 thesoing] imb 6235 RERS tad 88 ofithd Ski p
the remainin .In the current circle, a roceed to step 200, of the
next circle '% gﬁgsﬁg d)}%ge p fol'leétegelg’?get é%’g’@fluﬁgl%deggG F“&%‘e@t"’ % pigh ane
reference i negendady. regjddOF) IThe defe beuwrdagi repioh, 62ahie pav-gxréigined ik pagk-ddveshol d
referri o FIG 2, the step 500

of duration ig | cond. S.0071] . Still ng .t

is to deter mc?m"é‘m?ﬁ‘gr%%‘r i edightt h‘@“’&@?’é‘@%‘@’&l 6?8%#’"%‘19&??“"&%"%1%@% in
relation to tcommaodregionathent laeysppyr 52 HelkrEnd Dot (M BoRAGY REIAB2a BIGE it s
confirnedth%e_ahed_ gﬁislocated wi.thin a

etected |l.aser spaf . M, N
pre-determn c%?%?‘fé%?’”é‘ 9 i "PIHB“t%&r‘?‘ Y6 M iRy U mide i respansco ikapvise. be
executed in stiep a6B&r spOOiE2eibed db thecrigie Souhdes rdpmes2b0 Rk i fit-dbesaskd
interactive % | a s(%[/)stetr{%éJ and its o %ation process 100 can_be used to
control the di B?l}’i CSPMPEiEIy tisplayg dirdiext de-dn 8 Gagm ne visiupl gameppd Ruttorig
ef(i’;lrrpl e appl ix’ﬁﬂiréd)ﬂiﬁhiﬁﬂ% sti@smt ikethohadiad %hnﬁ%ﬁ:%d-foﬂg@%%ﬂtﬁh%me@iapr ovi dez an
illustration applyi,ng the system1 a process 1 to page up or down
of the sli degaioofm?he Vi ei%%ﬁ‘?tg?"ﬁ %ﬂ‘ﬁ?tr @‘8%’%@ igeiop gbqvg tgaroiediedhintagais of t he
cor r espondi ngefirted jae pipe Gip icBAGEndA2gion, Mﬁl@@i&ﬁ@@%@@&%%x@&%%@% and
a right bounda(% region 62b. The | eft boundary region 62a is pre-determ ned
‘as page- down 't ﬁﬂ%ﬁgpﬁ OBh COMRPIERIPRe right boundary region 62b is
pre- deter ni nemr@s pPagEFIGP; HOEENE iNRehEh o \EYing Hled§hlm $RAY pRéesh Jort ect ed
in the left ﬁ@gﬁ&gw rgggl on 62a for a pre-determ ned duration, the conputer
2 displays t bt ie e dniprngigR plbue bufton &g 28 arpivesrpregriamed iodisot i s
detected in idested bObte DRINBBIYeIERBhORIGR. F1OE it GvEEd 8) HeNafaf bkl ON,

t he corrputera%ﬁiglggg‘{ﬁﬂys the next slide. In this case, no virtual comand

button is re £hihs command regien Lo aetyayias s draw mededWhemmlasss sips E3ist or
present at i ondéwdied within §HOOfrhlal HuHOLREin SR ot d¥BsHiing t RGuRAURAARS %2 £gi ON
above the pr %agl%agnee florrrg%?euclie?emined duration, the computer 2 actuates the pre-programmed
draw mode in response, being ready to automatically track the subsequent movement of
the laser spot 52, and modifies the current electronic slide 22 by drawing a line
corresponding to the movement of the laser spot 52. To define a starting point for drawing,

a laser spot shall be pointed at a location for a pre-determined time. To exit the draw mode,



defined as page up command regi on, while the boundary region bel ow the
projected imge is defined as page down command region. (0075]FIG 7
provides an illustration of applying the system 1 and process 100 to

hi ghlight the presentation information. Virtual button 222. 22b are
pre-programred to be |located at one corner of an electronic slide 22. The
regi on covered by the virtual button 22a is defined as the command regi on
for actuating the draw node. When a | aseri2spot 52 is detected within the
virtual button 22a in the correspondi ng acquired i mage 42 and nai ntai ned
for a pre-det &ermiparatdr dmetds oo furt ol tho taserteinte? Safot mateamehhﬁexpnﬁae phd gieanMed
draw node in aut.omat i cal,l ack the subsequent
novenent of tﬁ@ﬁﬁgggﬁwgﬂ%b&g%ﬂﬁgﬁ%pmw ¥%%Pﬁgogﬁt et el ectronic slide 22
by drawi ng a [907# corr@@gundmngawm@kh@mﬁ@ﬂﬂ&Bmuwnmng&mMﬁﬁamamﬁﬁkmﬁﬂx To

define a star f aser .spot s 0| nt ed
| ocation for gﬁg@gﬂﬁéétﬁg? r%%hla'g ? i qn@ s, Prerfip p‘@??%%%(‘f ﬂ?@tuﬁ%i %f)erat or
10 needs to tinenciid disply | amaol ﬂ)gl mblﬁpleSo;femtom v eexel@pley Menedmﬁuwez and then

point at a vi to deact i vat

10076] I n addi {n{ogn s gé g&%%%xgd %gﬁgfﬁ%@rﬁ%ﬁ @‘F@%'\t‘i ge‘isﬁ EXsipie sputrof o

| aser - poi nt er adtiogsseabcondinglya tlieioee eabhsqpemior syis taamidieraise lsigﬁal@lby fuginp QNlag2f OCESS
100 can al so interactiv ay contr,ol multiple o ators.
For exanpl e, ?«ﬁlg&iongﬁnctc oi% %98‘5‘55‘?%@%5 %é‘t’"gﬁ‘[ﬂp‘?fﬁé e 9 %PFPJegtF‘i | aser
spots of di ffimagmmndahew miteeavtivesigmlstoan mﬂbmﬁed Bethe wrra@ﬁmwlkdi@b/y Hence,
each operator, send teractive si n ls.b si, a laser pointer of a

di stinct cont Wto co%‘{hﬁ’i © BN Y5 ‘gﬁahaé"&%@ﬁfﬁ ? iof FHREYRE t he
proj ect ed i megehodibwedtst ewidl bmwemuwnatahgemb@uﬁm he lmsﬁramsm iyt hée
system si rrult resent.invention has, been descri bed
with reference g&IEpLaer6 7 Es ; AX‘\?}WS‘S ‘%ﬁ?ﬁ‘fa Ve PIpoORTRants Wﬁ?ﬂﬁ’%ﬂ“‘?ﬁ&?ﬁt he
enbodi nent s dreeomé hppatentatbnhcise am'dng bﬂiinat;yhﬂull vihe tuit @ wEIGR [ préseiiOfivemtion
limted. At enit; ent nvention w.,l| cone

of the e
apparent to t ose haV| g ed?“tll ?W%z}r? °‘? 1 ‘i‘?‘ét"a e"P?f“WQH‘"fhﬁb?'ﬁls@Eént
i nventi on perandispape (ﬁumpmbamriummnemaddmm,t the 3¢0pe @O MR pledefdinventBe is
enconpassed W[ i spirit and s e of resent invention.
Accordi ngly, \qe%cgfbgdc%ge ?fg’eﬁ?& Cﬁ‘?‘%%‘*é‘*ﬁ ﬁ“ﬁ?f’é‘ﬁ% F’()Wgﬁg"gﬂg@ﬁ?cﬂ%‘moy t he
appended clains and is supported by the foregoing description. 13 C ains
1. A process executable by an interactive inmage display systemfor
controlling i mage di splay, the interactive display system conpri sing:
a processor for generating an image and controlling the display thereof
pursuant to an interactive signal;




a\disﬂlay surface; a projector for projecting the processor-geiterated

i i ; i ting the

i mge onto the display surface; a laser pointer for genera
intgractive signal by superinposing a | aser spot on the display surface
that has the projected i mage di spl ayed thereon; and an i mage sensing

i for continuously acquiring imges of the display surface so §§ to
gg¥;g$ t he interactiveysignal; sai d process conprising the sFeps of":
detecting the | aser spot superinposed gn the display surface; calculating
the duration of the detected | aser spot; ~if the calculated duration
exceeds a pre-set threshold, locating the position of the detected |aser
spot; if the position of the d@iecged | aser pot is within a .
pre-determ ned command regi on, execu aHﬁ_a correspondi ng control actlonb
2. The process of claim1, wherein the view size of the acquired inage by ;
t he i mage, sensing device is the same as that of the correspondlngnprOJecte
image. 3. The’pFBEEEsgrulela o an migraster nmane qmp@.4 ?ﬂ?ﬁ%ﬁ‘??ﬁ?ﬁi’?g?m |

S : o . . J
&Eg:g?nltﬁtggggﬁggﬁggmggagﬂg(g%gﬁﬁﬁgggfﬁgggﬁ .the i mage sensing device is
| ar ger than t HaProggsseher generalgygomdinage prdbi@tiolihgith@digplay thereof phi@afl OCESS "
of clainuﬁﬁmﬂmyéﬁééﬁgﬁ}pre-deternined command region is located within the
proj ected i mage. ’

a display surface;

a projector for projecting the processor-generated image onto the display surface;
a laser pointer for generating the interactive signal by superimposing a laser spot
on the display surface that has the projected image displayed thereon; and

an image sensing device for continuously acquiring images of the display surface

so as to detect the interactive signal;
said process comprising the steps of:

detecting the laser spot superimposed on the display surface,

calculating the duration of the detected laser spot;

if the calculated duration exceeds a pre-set threshold, locating the position of the
detected laser spot;

if’ the position of the detected laser pot is within a pre-determined command

region, executing a corresponding control action.

2. The process of claim 1, wherein the view size of the acquired image by the image

sensing device is the same as that of the corresponding projected image.

3. The process of claim 2, wherein the pre-determined command region is located

within the projected image.

4. The process of claim 1, wherein the view size of the acquired image by the image

sensing device is larger than that of the corresponding projected image.



6. The process of claim4, wherein die pre-determ ned conmand region is

| ocated in a boundary region of the projected image. 7. The process of
claim1l1, wherein a virtual button is created by the processor in the

el ectronic inage in a region corresponding to the pre-determ ned command
region. 8. The process of claim?7, wherein the virtual button is in a
color contract to the color of the |laser spot. 9. The process of claim1,
wherein when a |aser spot is initially detected in target inmage n, and

consistently detected in the subsequdft target image n+i (i=1,2,...), the
duration of the detected |aser spot is calculated according to the formul a
Duration 0)=.7""+1 wherein T,, is the tinme when target inmage n is acquired

by the ifmge Eenpiongss délate,4, ariardis thehgretdeweninké tohmagd tegiomigdostalc qui r ed.
10. The EpCess of claim1, wherein the corresponding control action is to
di spl ay 1ﬁwgé?%ﬁg?%gk?a%?ocessor-generated i mge. 11. The process of
claim1, wherein the corresponding control action is to enter information
to the processor-generated i nage., i o )

6. The process of claim 4, wherein the pre-determined command region is located in

a boundary region of the projected image.

7. The process of claim 1, wherein a virtual button is created by the processor in the

electronic image in a region corresponding to the pre-determined command region.

8. The process of claim 7, wherein the virtual button is in a color contract to the

color of the laser spot.

9. The process of claim 1, wherein when a laser spot is initially detected in target
image n, and consistently detected in the subsequent target image n+i (i=1,2,...), the
duration of the detected laser spot is calculated according to the formula

Duration (1)=Ty+; ~T,,
wherein T, is the time when target image n is acquired by the image sensing device, and

T 18 the time when target image n+i is acquired.

10.  The process of claim 1, wherein the corresponding control action is to display a

previous/next processor-generated image.

11.  The process of claim 1, wherein the corresponding control action is to enter

information to the processor-generated image.



